soni Reader in A(esthetics, ULniv'ersitY of Edinbnghl BEFORE discussing the particular subject of this paper, it is necessary to consider briefly certain aspects of hypertension pertaining to it. This circulatory abnormality is characterized by a raised diastolic blood-pressure and an. associated elevation of systolic blood-pressure. The diastolic level is a measure of peripheral resistance to blood flow and varies directly with arteriolar tonicity. When. vasoconstriction is pathologically persistent the systolic pressure rises to overcome the resistance created and in time the heart hypertrophies.
hypertension may supervene on. the benign type or be acutely progressive from the beginning. The pathology is necrosis of afferent glomerular arterioles, death following renal failure and urxmia.
Surgical treatment, probably worth while only in benign cases, is directed towards reducing the high blood-pressure by (a) interrupting the vasoconstrictor pathways, (b) restricting the activity of the adrenal medulla, and (C) preventing the formation of vaso-excitor or hypertensive agents, by improving the circulation in the kidney which may have become ischemic and anaerobic because of vascular constriction.
During the past fifteen years numerous operations have been. devised as treatment of this serious condition. One commonly performed now is bilateral splanchnicectomy combined with lumbar sympathectomy in which a pre-ganglionic section of all sympathetic nerves from the level of the sixth thoracic to second lumbar segments is effected. An alternative is bilateral subdiaphragmatic splanchnicectomy and lumbar sympathectomy with excision of the adrenal gland on one side. An anesthetist may assist in the pre-operative investigation of essential hypertension.
Lability of blood-pressure can be assessed by the oral administration of amytal sodium. The main point of application of this drug, as with thiopentone sodium injected intravenously, is the hypothalamus, but a reduction of diastolic pressure following the use of either is not a positive indication that sympathectomy will have the same desirable result. More strictly analogous to the prospective surgical treatment is (a) the diagnostic use of tetra-ethyl-ammonium bromide which acts by depressing the auton.omic ganglia or (b) the production of a pharmacological pre-ganglionic section of the sympathetic nerves by subarachnoid injection of procaine hydrochloride. The latter is the fundamental feature of an anesthetic procedure to be discussed presently, the transient block effected by the anmsthetist being at a much higher segmental level, however, than that carried out by the surgeon.
MAY-ANESTH. I Many authors have referred to the problem of hypertension in relation 'to anxsthesia, the consensus of opinion being that the hypertensive patient is a poor risk from both the anesthetic and surgical points of view. Some observers, including Blalock (1940) , have specifically condemned the use of spinal analgesia in patients suffering from hypertension and hypotension. Probably the risk associated in the past with anesthesia for hypertensive patients has been lessened by modern methods.
The operation entails retropleural and retroperitoneal resection of the splanchnic nerves and the dorsal and lumbar sympathetic ganglia; in respect to it certain criteria must be satisfied by the anesthetic procedure. For adequate exposure of the field muscular relaxation should be good and bleeding minimal. As the pleural cavity may be opened, some means of controlling the patient's respiration is necessary. Throughout operation adequate intake of oxygen and clearance of carbon dioxide must be ensured.
The use of general anesthesia involves several variables which may initiate cerebral vascular accidents unless expertly controlled. The variables are fewer when high spinal block is employed. Details of the latter technique (Griffiths and Gillies, 1948) are given here in order to refute criticism that the method is abnormally hazardous, and to emphasize the precautions which make it at least as safe as any other.
The important points are (1) the level of motor and sensory paralysis must cover the field of operation, the upper limit of which is supplied by the fifth thoracic nerve. Above this, the analgesic solution should diffuse to the first thoracic segment in sufficient concentration to paralyse the sympathetic outflow passing via the thoracic and cervical ganglia to the blood-vessels. A subarachnoid injection at the third lumbar interspace of 150/200 mg. procaine, dissolved in 3 to 4 c.c. of the patient's C.S.F. followed by the immediate adoption of a steep Trendelenburg position usually ensures the necessary levels of analgesia, motor and vasoconstrictor paralysis. (2) No pressor drug is administered beforehand as this would defeat the purpose of the technique.
(3) The patient is kept unconscious by intravenous barbiturate and nitrous oxide additionally if required. (4) Effective pulmonary ventilation with oxygen must be maintained constantly but with due regard to the convenience of the operator.
By this technique marked fall of blood-pressure can be achieved and is a primary objective because of the unquestionable benefits of an ischemic field. Virtually, there is no bleeding and thus quick and precise operating is facilitated. Much experimental work on the effects of spinal block on blood-pressure has been recorded. Smith and Rovenstine (1939) (see Table 1 ), reporting a series of non-operation cases in which spinal block was carried out on conscious, non-hypertensive subjects in the horizontal position, considered that arteriolar dilatation did not occur because the diastolic level remained unchanged. They believe that the decreased pressure seen in cases operated on under spinal block is the result of post-arteriolar dilatation caused by loss of muscular tone-a view difficult to reconcile with the absence of a fall of blood-pressure in curarized patients. Further significant evidence has been produced by Sarnoff and Arrowood (1946) who demonstrated by differential spinal block that kSection of Ancesthetics 297 blood-pressure fell because of vasoconstrictor paralysis and that muscular paralysis when present caused no further reduction.
The mechanism of purposely induced hypotension is mainly arteriolar dilatation but in the extreme reductions of pressure observed supplementary factors must contribute (Table II) . Among the latter the abolition of psychic stimuli by sedatives and Probably the chief contributory factor is the lateral flexion of the patient whereby the head and feet are both lowered and the site of operation is the highest point. Such a position conduces to gravitational pooling in the dilated post-arteriolar bed with a consequent reduction in venous return and cardiac output, and frequently a compensatory slowing of the heart. In the hypotensive state produced by total sympathetic block the head of pressure in the arterioles is low but still sufficient to maintain a flow of blood through the capillary units. Although rarely necessary or justifiable the patient's blood-pressure may be raised by injection of adrenaline to which the local neuromuscular mechanism of the metarterioles and precapillary sphincters is still capable of responding. When, ventilation with oxygen is well maintained tissue asphyxia does not occur in the presence of low blood-pressure due to arteriolar dilatation alone. There is no interference with utilization of oxygen by the tissue cells except what little may arise from the narcosis employed but if the latter is properly restricted to a light level its effect must be insignificant. This is in marked contrast to the vasodilatation, circulatory depression and histotoxic anoxia which accompany deep general anesthesia. GILLIES (1948) by his special technique has succeeded in producinig ideal conditions, i.e. complete relaxation and a bloodless field-so essential to the surgeon when called upon to perform the difficult and intricate operation of sympathectomy for hypertension. In order to achieve these conditions, the blood-pressure is deliberately lowered for the space of some forty-five minutes under total spinal block without the patient suffering any apparent ill-effects from this procedure.
At St. Mary's Hospital, however, we feel that it is unwise to reduce the bloodpressure to such low levels in patients who have existed for some time with hypertension.. We have adapted our technique to counter any severe fall in blood-pressure by the use of the vasopressor drugs-ephedrine and adrenaline, in addition to inhalation anesthesia. By these means we hope to guard against the dangerous consequences of a severe fall in blood-pressure, i.e. circulatory stasis leading to cerebral thrombosis.
This accident happened to me in the early days of sympathectomies, before the last war, when the procedures were not so severe as they are now. The anesthetic administered was nitrous-oxide, oxygen and ether from a Boyle's machine by the semi-closed method. A subdiaphragmatic operation of the Adson type was performed and on this occasion the surgeon decided to remove both sympathetic chains at the same sitting; no precautions were taken to counteract the fall in blood-pressure either during the operation or afterwards. The patient eventually died from the effects of hemiplegia which supervened.
Spinal analgesia using 20% planocaine replaced inhalation anesthesia for these sympathectomies. It produced a block, up to the fourth or fifth dorsal segments, and gave the surgeon the ideal conditions he needed. Later, a more extensive removal of the sympathetic chain was performed by the subdiaphragmatic approach under spinal analgesia. On several occasions disasters on the operating table were narrowly averted by early cardiac massage. We then began to add small quantities (5 to 6 minims) of adrenaline I/ 1,000 to the intravenous drip, to maintain the blood-pressure.
With the introduction by Smithwick of the extrapleural approach and then by Grimson of the transpleural approach, a more extensive removal of the sympathetic chain is now practised, and added problems beset the anesthetist, problems of the open thorax in addition to those of severe hypotension. It was felt that spinal analgesia could no longer be used for these drastic procedures, firstly because of the initial fall of blood-pressure which accompanies it; secondly because of the time factorthese operations usually take on an average up to one and a half hours to complete; thirdly because the height of anxsthesia is insufficient as the sympathetic chain is frequently removed as far as the first dorsal segment; and lastly because it would be difficult, if not alarming, to inflate the lungs of the conscious patient in the presence of the open or potentially open thorax.
The cases I now have to anesthetize are those of the severe type of hypertension. They present the typical X-ray picture of a much hypertrophied left ventricle, bordering perhaps upon cardiac failure. There are also those cases with anginal pain, retinal damage, and severe headaches. Most of these patients have little cardiac reserve and will not tolerate any degree of anoxemia. Their ages range from the mid-twenties to 60.
